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of IIIC oIItlet ~lacicrs. tlIcrc js a ])aucjty of glacjolo~ical data IIuwwIj to assms tlIc col II])lcx

(ly]lalilics of to])ogra])ll,y,  111(’tec)I(JIc)g.y,  alId glacivr rcsl  Iollsc (Iliil](tl +,11,1 SII~CICII,  1993).  At

])rwxJIIt, hl)ogIal)hy m i s t s  1“01 oIIly a fcw g l a c i e r s  wllilc IIO toIm~I al)lIy mists f o r  tlIc  vast

;Ilkrior of tllc iccficlds. \~clocily  l I a s  l)CCII  II ICa SIIIXI(l  011  oIIly fi\’Q of I,IIc ovu 1  ( ) ( )  g l a c i e r s

a]ld tllcsc co]lsjst o f  O] Il<y a  fcw sj]lgle ])oj]lt  III(IaSLII(ITII(IIIlS.

III odolwr  1994, the S])acclm]lc llllagil)g l{adar (~ (S1 1{-(;)  collwted  llIC first jlltclfc’[c)]l](’llic

SAll (syIitll(’tic-; l])t’]tl]](’ radar) okmatio]ls o f  tltc IItIItlI-I\J(JSI(JIII  fla IIk of  IIi(’lo l’atagti]lim

NoItcI (111’N, NoJi,lIcIII l’atago]lia  lccficld) ill (;llilo. ‘IIIIC SA1{ (Iatii WICI(I  sucmsfully  CIII -

ployul j]l double  diflcrcllce i]lt(’]fe]o]l]ct]y  III(NIC 10 pIodIlcc lwtl I a to]wgra])hic  ]IIa])  of tlIc

iccfivld  and a ]Ila]) of S u r f a c e  dis])lacc]llc]lts  cal]srd I)y jcc ]Ilotioll. No to])ogrit]jllic  IIIaI)

lIad ])reviousl=y  l~eell ol)lai]]cd  for tllc jccfiel(l,  and  1  Lc icc ]Ilotioll  IIla}) altllougl] li]]litd

to OIIQ  COIII]mIIC  IIt of iw ]Ilotio]i  - ])rovi(lm  tlIoLIsa IItls o f  ]Ilcasllr(’lllc]lt  ])ojllts  aTId (lirect

ol)suvatio]~s  of strain rat,cs.  MUCII of the l)acligrou  IId 011 tllc SA1t illtc]fcllolil(~t]y  tc(lllliquc

eIIII)loycd to (lerivc  tlImJ .gIacjological  ])roducts,  alo]Ip,  wjt]l  a qua]llilativr discussion of tllc

flo\v rcgilllc of (;laciar Sail Rafad, arc d e t a i l e d  ill ltig]lot cl al, ( 1 9!)(;). ]Icrc,  w d i scus s

a  larger rcgio]lal covmagc  o f  SA1{ j~lterfero]l~rt  ]y ]) Ioil  IIcts, coIII]~a Ic,  t IIC rada  r j]ilagcs  with

]JIIoto~Ia])lIs”  take II fro]II tllc slIu(tlc l)y astm]Iallts,  alI{l l)rcsc]It  firs{ ()](1(’]  cst il]lat m o f  ]IIass

fllIx fro]il four  glaciers ,  aIId Calvj]lg flux aIId Illass  balaIIcc of Claci:lr SaII l{afacl.

SrTIJl)Y AIUNA

l“jguw I  sllo\vs  tll[’ stll(ly all’a, 76 Iiltl l)y 33 1{111  j]] him, COVC1’d  I)y  Illc Sll{-(; jllst,ru]llcllt,

OII OC1O1)CI  1 (), 1994 at a CeIIlOI loc.al, io]l of 46” 39.3’ soutl I, aII(l 7:)(’ F)().5’  West .  Nort  II i s

43° rjgllt frc)]l] tllc to]) of tlIc scQIIc. ‘1’IIc  SAll ;Il]ag( js jll slallt-ra[lg,c  ~coIIIetIy  s o  tc]rai]l

topoSIa])lIy” a])])ram  sla]ltd t,o\vard t,ltc radar illulni Ilatioll, IICI(I  fIOIII tlIc  to]), ‘J’lIc  Slli -

(~ jllstrul]lmlt w a s  jlyj]lp, at about  7 . 3  lilII/s frolll lclt to right,  lo[)liillg  t o  jts rjgllt. ‘1’lIe

lddar altitudr WilS 215 kill, wjtll a 11(’al’ ]’a]lgc distallcc of ’277 fill], (()]l(~sl)()]l(lillg  k a IIlcall
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alt~lc o f  tlI(’ ill(ll]]ill;itio]l  at, tJacl{  CCII{CI  of 4  1 ‘ .  N’011,11 is [)5” li~hl fro]))  111(’  LO]) o f  tllc’

SC(III(:.  A  StJfIIIg lrallsitioll ill Iada I l)ackscatteI  i s  visil)lc  ai IIip,ll  (Jl(vi]tioti (XZ 1300” III’) OJI

l)Otll g l a c i e r s .  llCIO\V tll~t l) OlllldiiY~,  l’il(lal’  l’Ctul’llS  ;11’(’ l)rigllt  arid ]11’(’SU]II?I1)IY  (lOllIillilt(’(1

l)y su rfaw scat tcrill~ fwlll a mli~lI  laym of ice. ‘1111(  [)wscncc  of l)iIw icc at, tlIat clevatioli

i s  j(lstifiml I)y tlIe lli~ll al)lati Oll latm wcolxlcd  oII 1 lIcsc glaciris ill tlIc  sul II II I(’1,  w i t h  Ilic

])ossil)]c  OcculIelIc  C of slllfacc aljlatioll ul) tO 2000 III clcvaiif)ll  (Kt)ll(lo  aTId Yal]lada, 1 988).

‘1’lIe Ix)u~lI  clIalactcl of tlIc  surface I)elcw tlIc  ladal I)acksciittcl 1 lilllsitio]l is likely caused

l)y glacier cwvassill,  g i]litialul l)y fastcI valley flow fI ,)111  tlIc IIC:II1,V  ICVC1 CCII1 Iii] ])aIt  of III(

iccficl(l.  tllilCiC1’  cr(’vassillg is col Ifirl IId l)y c l o s e  exatllillatioll o f  tlI(, lIal 1+1 IOld  ])1  Iotog Ia])lIs

(1’iguw  2).  Almvc t,lIat  trallsitio]l, l]IC ovcr]ayi]ig  sJIo\v  is ])rol)ikl,ly  \\Pt, alI(l sufli(iclll,ly i,lli(li

;111(1  ~l)SO1’j)~iV(~  t]l~lt l’il(] al’ Si~ll~llS C? L?lll Ot illlC1’~Ct Wi(]l  t]l(>  1111(](~1’]:l~ill~  jCV.  ]ia(]iil’ J’Ot Ul’JIS

am lowe]’ ill IIlag’llitlldc  l)ecausc sulfacc scat t cling II oltl a ]aycl of wet  SIIOJV ])ro(] U(CS  l o w

radar  Ix:tu IJIs.  l{a(la  I r(:tu IIIs ( 1 0  IIOt jl)crcas(, jll lt)ap, rlitu(lc at lii~ll(’r clcvatiotl as ]voul(] I ) ( I

(’xj)(}cto(]  ill t]I(’  ])r(wIJIcc  of ])(’J’c.()]al,ioll  facj(% (]{ip,Ilol ct al., I !){):]; ]{igiloi , ] {)()[)).  ‘1111(’ Ill)AT

])rol)al)ly  (10(’s  ]]ot il)c]udc  p(~rcolatjon  fdcim  l)(:caus(  tll(’ wlati v(IIJ  \IrarJII  ilil-t(’lll])c’lat II m

a n d  tlIe ]Ii:]l I’:11,(1  of  Iiqui(] ])l’(’(’  i])jtatic)Jl l)otlI llli~illi aill a ]Iip;]l  \\i]t(’~  CO IIkII{ (Jf t]I(’ SIIOW

a n d  fil”n  (Y:mlada, 1 987).

MI’:’J’IIOI)S

‘1’11(’  ra(liatio]) of t,llc S11{-(;  ]ada I waves is iIl ]) IIWXI, as for a laser illst][lll)c~llt,  aII(l  tlIc ])lIas(I

of tllc r(ItI]r]I(I(l  waves  js (letcc.k(l  by tl)(I  SaIII(I  alltcllr]a  (Iuri]lg  slightly (Iis])lacd rc])(’at-])ass(w

of tllc Sllllttlc along tll(’ Salllc  p a t h . ‘J)]I(;  ])]121sc  o f  c;~( II ])jx(d (Il(I]I)(]It,  is  ])lo])oltioJ):ll  t o  tl)(:

travrl tili]c for  tlIc sjgtlals to all(l frolJl tlI(I  jll{lltli]lat(d surfac.(’  (IlcIII(JtIl,  i t s e l f  a fullctio]l of

tlI(I  ra(lal i]]lagi]lg  gco]nc(ry, tllc l)as(~lillc sepiirat,joll  I)(J(,w(wJI  succmsive ])assm,  aJI(l  sl]rfacc

(Jl(wltjoll.  l’lIas(Is arc s(wsiljiw t o  c(vltimctr;  ( cl IaTIg(Is ill IalIgc (Iistatlcc,  jtl(l(q)cli(lcllt of tlIc

siw of il)dividual ])jxcl  (Jl(IIII(IIIt  S (swcral  trlls of II)rtttrs). WllclI  1,11(’ Sllrfacc  is ]Ilotiolllms a]I(l



t]le Ia{]a I j]llagillg pyJIIIPt  Jy aIId  ~Jasc]i]lc  aIc lillo\$711, ]I]Iasc  (’]Ii3Jlg(’S  arc USN1  to i]lfc]’ s u r f a c e

to])ogra})lly.  ‘1’llc ])rmisioll of Illc derived to]mgra])ll}  dq)cllds 011 Illr l)ascli]lc  S(:])iil’:lti[)ll,

t,llc ladal J$’avclcllgtll,  a n d  ])llasc  noise (ZCIJI{CI’  a n d  (;oldstcin, 1 986).  Wll(’]1 Lll(’ fcatU1’C

is ]Ilol)ilc,  for i]lstancc a p o r t i o n  d a glacier ,  ])lI:IS(’  (Ii  fleml(cs  ill”(’ also IIlodulaied I)y tlI(I

v e l o c i t y  o f  I,llc i]llagd fcal, urc alo]Ig  the radal  100liill~ direction. As tlIe \’clocity  IIlodulalioll

i s  i]lde])ctl(lcllt o f  tlIc lmsclillc~  tlIc IIIcasu IcIIIc]I1-  tccll]iiquc is sc~’t~la I  o r d e r s  o f  ltlag]litud(

IIIOIV  sc]lsitivc to s u r f a c e  ]t]otio]l  (Illill(:] tlctj(!]-sc:ilt:)  1 lIal I it is 10 iixd toI)ogIa])lIy  (I IIctcl”-

s c a l e ) .  No recogilizal)le surface fcaturm arc Ilcedc(l to detect  icr )Ilotiml, aIId surfiicc  st riiill

ratm arc ol)servcd  direct Iy. lIhalI~I)lcs of ritda  r intmfcl oII~oiJy for A IItalctica alId (;mJIIlaIId

:irc giv(’]1 ill (;oldsteill  et, al. (1993) and Rig]lot et al. ( 1 9 9 5 ) .

‘lb sc]mlatc  fixed topogJaI)lIy aIId  g l a c i e r  moiio]l, tMo i]lt(~]fcllol]l(’1  ric pairs aIc IImYHry.

It is tlIcu  aSSIIIIId  tlIat surface to]qyaphy  (Ioes  1101  clIaII~(I i]) Ix’twctl  tllc two j)asscs  (at

tlIc scale of s~vcral  ]]letcrs) a]Id glacier ]notiol]  is collti]luous. ‘1’11(  ])]illci])al  diflicullics o f

1,1 IQ td]lliqu(’  aw tll(’]1  to dctcr]ni]lc tllc l~asclinc  alI(l to uII\v  Ia]) 1 lI(J ])1 Ias(’  valuw. ‘1’llc

slIIIt, tlc c])llc]lleris  arc Iy])ically ]Ioi lil Iowll l)el,tcl’ than 10-20 III, wllicl] i s  illsuflicie]lt  for

i]lt~’lf(>lolllct]y  a])l)licat,iolls. ‘J’IIc l~asc’li]lc’ JIIust tlIeIcloIc bc csti]tlatd fro]tl tlIe  daia, wllicll

r equ i r e s  tiw])oillts ol kuowII ])osilio]lj dcvatioll  ?Ill{l il(’C. Ul’a(’~. llrt: ud IIerc 111(’  cl(vatio]l

data  frolt} tlIc 1 : 5 0 , 0 0 0 ”  to]qyi])llic IIIa])s  pllblislld l)y tlIc lJIsl ii IItO (;cog]ii])llico Mililar

ill (Illilc, Which ])rovidc  cartogra])l)ic  covcrap,c  for tll~’ SIIOW. free arcjas. ‘1’l~c illtcrior of tlIc

icrfir]d is 1)1 Zlllli dur 10 the Wllitencss  and  abscucc of ilnagc drtails ill llIc a e r i a l  ])1 Iotos. ‘~’lIc

l)aseli JIC ])ill:~lll(t(:]s  aIId their aloIIg-tIack  gradic]]ts ( Which aIc 1 1 0 1 1 -  Z(IJO  l)ccausc suc(xssiw

])allIs arc IIot ])aralle]) \vcIc  csti]natd  ill tll(~ l e a s t - s ( ! u a r c  srIIsc,  Ivilll a I.lll. s. CIN)I of I(JSS

111:111 a fcw tcI]Is o f  ((’]lti]llc:tt:]s.

‘1’IIc I)lIas(w I(ICOJ(l(X1  I)y a SAI{ i]]strulltcllt aHI kllow]l I I I O C I U1 O  2ri alI(l l))l}st tl)(’r(’fore l)c UII-

wral)])d  to I)c co] Ivcrtd into al)solutc  ])lIascs ((; oldsl (’ill d iil., ]  {)%$). IJI ~l’(Xi  S o f  ]OW ])]  I:ISC
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])(’tw(>(’]l  t])(> ]’il,dii]’  i]]llllli]laiio]l al](] t]l[’ ]1{)]’i~ollta]  l)]a!l(’  ( 4 7[’ ) ,  all(l f)J is t]l{’ (()]i~])o]l(’lli  of

IIoisc dc’])elIds  olI III{’  sj?; ilal-to-lloisc ratio (SN1{) alId l)lIasc COIICICIICC  accoldillg 10,

AT i s  llI(\ lIIIIIll)cr  01 l o o k s  of tlI(’ jlltc’lf(’rolli(’tlic ])1  Iascs ( 3 6 ) ,  q i s  ilIc ])lIas(’  colI(rclIc.(’

],ocall,y,  laqyv. mrors IIIZIy  (wist for 1OW(JI  SNI{ a]ld /ot lower  ])liasc  (OII(ICII((J.

lbr colli])arisoll, o v e r  rclativc]y f l a t  IJortio][s  of Illc  icdie]d, we foul  I(l all r.ll). s. error in

surface llci~llt of ;I1)ouI  1 () III 011  a  ])ixe] ])c I pixc] I)asi:, co]lsist(’]11  wit]) tile tllcorctical error

m+tjilt~atc.  Mud) Slnallcr e r r o r s  i]) IIciglll  Wolll(] IIavc l)(TII Ol)tai?lcd ttitl) larger \’iilll(>S of /)J ,

IIel’c too slllall I)ccalls{’  t]){’  sl~uttl(? orl)ils WtllC ]W]w:,t(!(]  SolllCV’llilt too”  :Icclll”al(’ly.  Wil 11

l a r g e  I)m+eli]lcs  (1 ( ) ( ) -1  000” in), although ])llasc  ]Ioisc lvf)llld II()  IOIIF,CI  t)c Lllc dolni]lalli souicc

of (JIIY)I’,  tlIc teclllliquc is ca])al)lc  of ]nctcr-scale ])recisioll  iTl toj)op,la])llic  IIeigllt).

Ice Molion

Silllilally, III(I I]]lc(:]t:li]lli(’s  ill i]llc:rf(’]o]]lc:t]ic vclociti(s a]c iil(lll(,]lc~(l I)y a II UIH1)CI  of fact  ors

t h a t  i]]clude  lll]c(~lt)z~illtic’s  i]) ]angc distallcr, Iluccrtailltics jll l)asflillc gradient,  alI(l ])1  Iasc

lioisc. l’hasc  IIoisc’  IICIC  doltlinaks, mmlting in a  v(:loc.ity  IIoisc, 0,),

(3)

lJsillg the sal  IIc llull)c~ical  values  as  show, wc find o,, of the oI(lel of 2 1 1 1 1 1 1 / d .  Actual

vdocitly ])mfiles  rcvc’al a r.]]]  . s . clror o f  al}out  3  ]Ii]n/d  (or 1  ]11/a), co]lsjstc’]lt wit]) tile

abovv tl]mrctjiral esti]]]atlc.



11’igl]]c .5 SIIOWS  a Jnaj) of i]lljc~lf(’]oltlc’l]ic vc’]ocjtics over  the ~lacicr ice ])ortion  of Ille sc(’l Ic.

Notl-glacic].  areas well’ ]tlaskd oui to si]ill)lify  tllc 1)1’(W?lltilliO]l  hitlcc Ilt(’y cssc]ltially col’-

IvsI)oIId  t o  ]Iojsy areas o f  II OIIIOtiOII. ‘1’IIc  vclocitjm a]’c al]solutcly l(IfmIIIu.xl  sjllw ])l)as(’

u]~wla])l)jlig w a s  ]x:]forll~cd  across a]eas of I]o ]noti(~]l. ‘I1lIC la]gcst  v(’lo(iti(w arc ITcOT(lC(I

ov(II  Glacial Sal) l{afdcl, Wl)c]c  tllc data ]ciral tl]e  l)mscl)(”c  of a  I I  j(c str(Iiil  Il OI a  l)ortjon

o f  III(I glacjer li)ovjllg at l a r g e  spcds fmltl tlIc ccl It I  a l  ])all o f  111(’  i(cfi(~ld and surroulldd

I)y slower lIIovi IIg jcc, lIot l)y rock. ‘1’lIc  flmv lillc’s s(rlI ill 1( ’ig[tlc Y rck’cal I])al si,J(’ai  II flow

j]liljialmi  kvell itisidc tflc j]ltc]io] of the iccfield.

‘1’ltmx’ jlit(’]fc’]ot]l(’t]ic velocjtics o]Ily coImslIol  Icl to o]Ic coIII])olIcIIt o f  jcc ]Ilolioll, tlIat

aliglld Wjtl] tlIc radar loolii]lg  dimctjo]l. ‘1’0 ol)tai I) a ful l  IIIIW  (Iilll(’llsiollill (l(’scJi])tio Jl

o f  ic(’ IllotioJl  (ill t]Iv al)s(IJIcc o f  ot]Ier jJt~ap,c ]mim ilc(]uiJw] at di[l(irctlt track.  aIIglcs),  wc

assll 111(!(1  icr f lows })2i J’:llkIl to tllc icc S i l l ’ f ?d(C ,  ?IJI(] ~{ovi  dil’c’ciiol)  i s  ])ill’i]ll{’~  to ~]I(!  \’illlCJ’  wa]lfi

o r  ~iven  l~y tllc ilolv li]]m. ‘1’11(’  first assu]t]])tjo]l  i s  ~llstilic(l I)y 111(’  fact I,llat llorizoJltal v(’-

lociti(w (% 1 li)/d) are s(Ivual orders of ]Ilag]lit,udr  la tgp Ill; i]] I]lc CS1 i]llalml  Illillllirlg ]ales

( <  several ItI/a). Suifacc do]){  and illcidellcf’  aJIKlC  of III(  IadaJ illllti]itialion arc cOIII])UIW1

fwll~ tlI(I  SAl{-(lcriv(xl  to])ogra])llic II1:I]M.

‘. I)lI(’  m+ultillg IIorizotltal vclocjty ])rofilcs  of foul” oul let glaciers alc)tlg their m]lt,c]-lill(~  aJT

sllowrll  j]] ]“i~(lJ’()  6. ICC v(:]ocjty  [’X(TUIS 2 . 5  l]t/d at IIigll clcvaljoll for (;lacial SHII  l{afael,

i]]cmasjlig draltlatic:illy  5 fi?ll fl’ol Il t]le im fl”OJlt  a s  1 IIC ~la(ier (’111 (’I”S 111(’  II;IJ”l’OW”  t(’J’Jllill:ll

v a l l e y .  l,o])gitudi]lal  str(’tcllill~ o f  tfl(’ g l a c i e r  (IXW(’(lS  I  :1- ] ill III(, torl])illal lwllcy. 1(’(’

vc]ocity, ]nt’asud  l~y t]ncking  o f  clcvassm over  a tllru-day  ])criod  ill t)lc  ])o]tjoll  o f  tl[c

t(’J’lllill US W]l(’l’() ])ha  SC CO] ICI”(>IIC(’  WaS ]OSt,  J’(W(’h(’S  1 7  11)/(]  al t]l~ (;llVjlI~ floJlt. III  (’Olltl:lSt,

(~laciar  SaII Quititi]l ]Iiovcs at 1  11}/d  at IIigll elcviitioll, maclliilx a lllil Xillllltll of 2.1 1]1/(1 at

JI]illi]nlllil  glacier Wj(ltll,  alI(l stcadi].  y dm]casi]lg  Lowiid  jts WW+l(’111  \\’astjllg  front to II(Iar

Z(’I’(J  vclociiy. MOst of tll(’ Iwluclioll ill flo\V Sl)w(l Oc, ul’s ill less tll;l Jl 2 1{1[),  (c)llc’s])(,Jl(li]l~



. .

to a longitudinal  colll[)mssiol)  of 0 .2  a- ], collsis(mlt M itll  values lcct)rdcd 0]1 otlle]’ al)latioll

~lacims (I)atmson, ] (){)5).  ‘J’]lc decrease ill jcc vdocily  dmvllslol)u  is also all Cx])cctd ])attc]n

ofal)]atioll  glaciers. Clacial Gudas alId Rcicllcr also sl art UIJ Wit]l  hip,ll Jrclocity  va]llm  IN1OIV

icc falls (1 ill/d), dccrcasjllg ra])jdly tjOJVa Td tllc ice J’[ol)ts, ICC vcloci  ty i ilctcascs j tl areas of

IIar Iww(Jr icc flow ali{l dccleases ill areas of  ividm  jcc fiow, collsistctll u’itll tllc lilailltiljlltillct’

of icc discllalgc tlIIOLIglIOIIt  tlI(’  gladm valley. No illi CJIf(:IOIII(~tlic \(locil ics WCK avail  aljle

j]) tllc lower lcaclles of l)ot]l  glacims d uc 10 a loss of l)llasc  ccIllc](JII(c  ill t II(EXJ lc~iolls,

ICC ])ischargc

‘1’0 estilllat{>  tllc icc discllalgc a c r o s s  a  p;lacicr  sccti{ul, icc tllickllcss and  l)asiil t’(,lociti(vi

IIIUSt 1 ) ( I  kIIOWII. ICC tllickllcss lIas IICV(II  l)(I(:JI  II)(IaSIIId  0 1 1  III(Is(  foIII  gliicicrs alI(l l)asal

velocities arc lllllill  OW1l. olmn’atjons  of Glacjar SO](I  011 tllc castrIJI side of II 1’N lIOVJCVCI

(l(~]tIc)]IstY:itcI(l that basal sli(lillg is a  siglljfi(allt COII1  ributor t o  gli](i(~t IIlotio]l  (Narusc d

al., 1 992). ‘J’licse  olmmatiolls am collsjstjmt Wjth (IIP War]tl clilllat(’  of tllcsc lcgio]ls Which

s h o u l d  IIlailltaill IIigll rates of ])last,ic deforlllalioll all(l lnclt Watel’ ])mdllctjoll wllicll slIoul(l

e] II IaIIcc basal sljclillg.

‘ 1 ’ 0  estiltlato i(’(’ Illicklless fl’0111 tll(’ vc’locjty iill(l Si l l ’ f i lCC S10])(’

I)illillg  deforlllatiol] vclocjty slid sliding vclc)city.  l)cfolltlatiotl”

l]d = - + : - y  [;]” II

(laia, \v(’ USC(1  a Ill C)(l(’l  colll -

v(~locity i s  lIIod(Ild a s

(4)

:; js lJIV flow l aw l)alal]lctcl,

St, I’css

(5)

wllcr[’ p = 900 kg 111-:~ is  t.llc dellsjt,y  oficc, g =- 9.8 111 s ‘ 2 is tllc :1(({’l(,l:itic)ll of gtavity,~  is

tllc surface S1O])C  COIIII)IIt(Id  fmlll tlIc I SAl{-dcrivd  tol)ogral)llic ]IIaI),  and  II js tllc UII1{IIOVJII
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Mass lkdancc  of Glaciar San Rafael

‘1’11(’  icc discllalgc of (;]acial Sa]l l{?lfad  (1 .66 :1-().2 lilll:+/a)  \$iis COIlll)ill’(’(1  1 0  iw ]Tllloval by

s u r f a c e  al)latio])  a]]d l)y calvi]l~  to dctcr]lli]lc its JJlaSS l)ala])ce. ‘lo cstililatr total aljlaiio]l,

WC’ assu  Illml s u r f a c e  ablatio]l drcmasd li]lcar]y I“lotll 6 cl] I /d at sr+lrvc] to ( )  c]t I/d a t

1200 ltl clrvat,ioll  l)ased  oll (Jllv s])ri]lg  all(l sunlltlcr 111(’:is(ll(’lllcllth of Koltdo  alI(l  }’aTIIa(la

( 1988). I’KJIII tl,c IIistq;ram c,f SAl{-dc]ivCd  elcvat,i{,l, data o f  IIIV  glacic), wc ol~t,ai]id a

tOtal  al)liilioll flllX Of 0.67 4 ().2 lil113/~. ‘J’lIc  Illlceltai]lty ill Iotal :It)l:llio]i r e f l ec t s  tlIc fact

that Wintm  sul’face al)lal,iml has II(WII 1)(’cII  lIIcmsuml  IIcar (~la(iar  SiIII l{iifac].

‘1’JIc  calvilIg  flux o f  (ilacia] Sal) l{afa~] was  cstil])atd I)y WaIN]i (II al. ( 1!)95) to l)c grcat(’]’

tll:lll ().74 klll:3/a  base(l  0]1 Vi Shill ol)sen’atio~ls  of calving (’vcl)ls, and  I .9:1 ().21illl:+/a l)asd 011

all assul))ul  II I(Ja  II c.alvill{y s])ccd of 4000-4800” It]/a, a lII(ml I tcr]lli]lll~  thickness of 180 l)) a])(l

a  II I(Ia  II cl Iam I(Jl wj(]t II o f  2.400” In. ‘. 111 IC discrqmllcy lx,{ WC(III tjllrsc  two II UIIIkr  S is wry larg(I

. .
?I.11(1  Illls:it)jsfii(.toly f o r  our cJstIIIlat,Io  II of JIIa  SS l)aliill( c. ‘ ] ’ 0  I)ctt(’r twtilllatc calvill~ sjwd,

wv tracked crcvasscs wit Ilil] a I 00 III of t II(J calving fl 011( hct  WCQII  t II(’ (ilst j l])a~e collect d

l)y tll~’ S 1 1 { - ( !  j]lstrlltne]ll 0 1 1  octobe] 8, 1991 a]ld tl, c fourl]l  jlil:l~;c ac(iliiml o]i OC1O1)CI

11, 1994,  01’3  (lii~S lilt(’1’.  011 l)Otll datCS, tll(: (;- iilld Ij-balld j)llag(’ (lalii W(’1”(’  illcollcmllt]y

i].v[’]i~~(~(l  t,o~etl IrI 10 l)roducc aII jlilagc fIlc wltll  a ]Ioisc level NIdIJCMl })y t,tvo.  ‘J’)Ic ])ositioli

of f’srts  WCMI  dctv~~]lillr(l  usjllg l’ouricr tIalIsiorIns  l)Y d(’tccti]lg  t II(’ ]wak jll cottc]at ion o f

t]lc two jlilagc data 10 ~vjt,]lil) 1/32 t]) of all i]t]ag(! l)ixc] i]) l)otll  IaIIKC aJ\d azinlutl). ‘J’IIc

rml]ltj]lg velocity ])rofilc  al tile calvj]lg frmlt js sllowrll ill l“iguw i’. ( ~:llvj IIg v(loci(y averages

8 . 7 4  4 J m/d alo]lg  tllc 2 .48 kIII IOIIS  tIaIIsv(mc  ])lo~ile, wjllt a  1 111/d ullccr~ai]lty duc to

al]l])liludc ]Ioiw ,  not  to j]llagc ]Ilis-]{’gistrtltioll. Assllltlillg a III C: III t,(~rlllilius  tllick]lcws of

J80  4301t~, a ~llea]l calvjngs]md c)f319;;4-370111/a,filI(l ]Ioicc frontal cIIatIpy I(Wiida :illd

Aliiya, lo!)5),\ v(’ol)t~\ill  :\calvjllgfl  (lxofl,41{i-(  ).21{ lll:j/ii.
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]t)ulatio]l awa IIlilills  tlIe icc flux fro]II sllrfacc al)lalio])  a]Id ]I]illlls tlIc ice flux frOIII calving

(Jleglwti*lg l]]elti*]g :Lt t],c glacic] Id ) ,  i s  ]Icgativc a,)d cq,,al 1 0 ().44 40.3 lil Il:3/Zl, COI’1’C-

s])olldillg  to :1 ltlcall  Illiilliilig rate o f  2 . 5  j 2 111/:) 101 tllc c~lllilc ill)l:lti  Oll alca (175  litnz).

‘1’his tllillllil]~ Iato is collsistcl]t Wjtll (11(1 4 ( I  l)] tllillllillg l’ilt(’ rcIl)o]tt’(1 l~ctWmIII 1 9 4 4  alId

1983 (J JtI/a) I)y Aniya (1!388).  Altllou~ll t]lc  Illlccl[:iil)t,i(>sill  (a(lI  cotrl])ol)(>tlt o f  tllc IIIaSS

l)al?)llce  al’{’ larg{’, Ijllo first [)lclc’lc’ stilr)atcof  tllc:ll-l;ls:) l)ala]lc{’ t~f(;  l;i(ial S:\l\ liaf’avl srell)sto

m]ifirll~ jts tl~i]lnil]g  tmld. ovclall, IIleltct halaucc(wel  tile :I[cllri]lll:lticj]l  awa o f  (;laciar

SaII lhfad is -13 111/a\  \’at(\l(’( llli\alc~l}t (+ ()..51tI/a),  llIc  liloali  ]I(It  I)alallccil] tllcal)latio]l

al’{’:] is al)oul,  -4 Ill/a W’atcl’  quivdcl]t  (j O..r) 111/  ;1), illld 2/3 of tll(’ accultlulatioll js ITlcascx]

a s  calficc slid jcclmgs.

CONCI,USIONS

‘1’his stllcly  delllollstl”at~ l]ICI usc  of ],-baJId  SAlt ;Tll{’lfcl’oll]ctl’y 10 I!lollitol’ g]acio]ogical  ])a-

l’al Jl(’t(’l’S 011  ~ Sj)iitid ~11(]  tC’lllp Ol’Zd SC ZI1(’ llll?\C]li (!\ ’il~)]C  by ally otll(’1” n){>;  111 S. ],OJI~ t,(>JVJ)

IIIa  SS cl)al)g(w could 1)(’ calculated  directly  f’ro  III a tilll~’ sclies of ]Iigli JCSOI utio]l  SA 1{-deJi  vd

to])o~la])l]ic Itia])s  acqu  id OVCJ scvmal yca Js. Afla])s of icc ]llot;()]l ])mvjdc  i]lstalltal)cx)lls

itlfolli)atio]l 011 icc flow dynaltlics and stmil] rates l’llicll  call I)c llsNl to csli]llatc d]ivj]lg

stjws al]d jcc discllal.gc fml]] calvjllg .gIacjms,  otllcr g,lacjc]x , and illtcrjo]’  icc at all \JIIj)Iw(’-

(l(~IIt(I(l level  of s])atial de ta i l s .  At tllc mlvi t)g f]o]lt. vmy  slio]l r{II)cat-  cyc le s  aw ](qui ml

t o  ci]cu]l]vc]ll,  I,]lc ]imitj]lg cf[(’cts o f  su]facc Jll(’]t, i]]t(] ]otatio]) of ice I)locks. III tllp cx-

t]clllc si(uatiml of  a t(’111])(’rat(’, fast-lllovjllg, tide-walw glacier lili(, (;]acial SaII l{afacl, tllc

ml)cat-c.yclcs JI(W(l  t o  l)c I (W S  tha]l 2 4  IIours , alId ])cIIIa])s  a s  ]ou a s  (; lIours  (rc~io]ls  N’l ICIT

icc veloci ty > 5 ]1]/d do ]Iot co]]c]atc, wl~ilr calvil~p, S]NW1  JI~ay CYCNXI 20 111/d) .  I f  tlIese

collditio)ls am IIOt 111(’t aIId  lt~illcli)dric ~)mcisio]l  ill v e l o c i t y  i s  ]101 a lo(jl]i]e]l]c’]11,  fcatuw

Irackillg tmllliiql]es CaJI  still l)mvide a CC) JII])l(JII)CJItaI)  IIIWiTI  of l~lc:lsurillg  calvil]g s1)cNI, a s

dcIIIoIIst  Iakd ill this study.
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A  IIIOIT cxt(~]isivc illtc~lf(:l(Jl]letlic  cllala(:telizatioll of l)otll  iccfi(,l(ls \vill IKI attc]tl])td  using

SA1{  datii  collectd I)y tlIC I)u1o})cM]I  S]X\cC AgQJICy  ’S ll;l{S-l /l;llS-2 SA1{ talld(!]t~ Jllission,

which  o]wratcs a C-hand systcli)  at a o n e - d a y  lcpcal -]mss cyclco l’llas(’ COll(’1’(’llc(’  of tll(’

C - b a u d  d a t a  i s  lilic]y  to bc too low at the IIlalgills of tllc l’atagtollia  lccficlds, hut  could

l)c: IIigll eliougli  ill tllc vast illtmiol o f  tllc icdields  Wllcrc  daily Sll I“fa(’c  cllall~(’s al’(’  1(’ss

draltiiitic. III t,llc dlycr  a]id colder (Jmcnlalld a]id Antarctic clililal(~, tlIcsc constraints \vill

c.mt,aiuly  1)(I ]claxcd,  aud SAI{ itlt[’lfclolll(:t]y SIIOUI(I  l)c a II IOKI  wi(l(’]y  a])])lical)lc  m]llotc

smlsillg  Icclllliqu(’  to m(:asum  II I(JtcIr-scal(}  to]mgtapll~’  and  IIlillclll(’tric  daily stl”ain I’at(’s of

glacim ice..
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l,ist  of Figures

. .

l’iguw 1. (Mol. coIII])osit(:  jlilagc’ of a  sccIIc ilnag(xl l~y tlIc S 1 1 { - ( ;  illst ruln(’lit 0 1 1  octol)cr

10,  1994 ovm  tllc II{) Jtl I-\vcIstcJIII  flank o f  I l l ’ N .  C-lmtltl  js d, lJ-l)a IId is l) Iu(’, and  tlie sultl
of C- and 11 - hal)d  js .gNw.  ‘JIIIP  jlnagc sin js 76 kln I)y 33 Iittl. l’jxcl  s]mcillg  js 31 ltl.

l’j~uw 2. IIan(l-llc](l  ])l)otogra])ll  of tile I I  I’N t alicll by tllc ast mllauts frOIIl tllc Sllllttlc

during  tl)e  s(nmd IIlissiol) ofthc SIR-C illstlull~cllt). ‘ 1 ’ 1 1 [ ’  al’(’a Cov(!l’(’d by tllc photo is  about

79 lilt) by 60 Iiln.

l’j~[lw 4 .  l’alse  color colll])osjtc jl]liig(!  of tlI(~  su]facc  to])ogral)lly”  o f  tlI(I ]IOItlI-\V(ISt(  IIII  ~la]lk
d 1 1 1 ’ N  jllfmml us;llg SI1{-C 1,-lm]id  ;l~tc’rfc’loll](:tly  (Iala  acquid i t) octol)m 1994.

11’jguw 6. (a) llo~jzolital velocity (contjlluous  line) aTI(l  clm’atioll  ]) Iofil( (dotted Ii]le) along
the cxwtcr-lillc  of  (;lac.;  ar Sail Nafae]  as a  fuIIctioII  of tlI(I clistallcr to t]lc  jcc fmllt. Adcli -
timlal v(:loc; ty II I(IaSU  I(WICIIIS ( squarm)  wrc ol)ta;ltd from  feat uw tmckillg of cNvasscs to
coln])lctc the illl(’lfcl.olllc:tl;c  IIleasu  rcII)cIIls. SaIII(J  ol):(IIvatioIIs  fol (1)) (Jlacial SaTI Quilltill,

(c)  (;lac;a~ Gudas, aIId (d) (;lacial Reichm.

11’igllm 7. lcc veloc;  ty of Glacial Sail l{afwl v e r s u s  ( ulllulalivc distallcc aloll~ t]lc  calvill~
fmnl obtaind  fmn tmckill~ of mwasscs ill SIN-C S:\]{  ilnafyly  acquid 3 days aI)artc
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‘1’able 1. IIJI,A fm]n A]liya  [1988), altitude ~1 of  tlI(I it iiIIsvcIse  \Iclocity l)mfilc  (Ixtractd for cstil)lat, !oll
of ice discllargc, II Ira II vcloc]ty. lJ across the  ])mfilc,  II I can surface S1O])C  (j, glacier widt II Ill, calculated
ice tllicliness 1), calculald  drlvi]tg stress al surface 7~, aIId calculatd ice flux .lI’.
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T~ (k] ’a) 220A ’20 I {)():I x) ] /][):1 Z() 140+ 10
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